AD-A280  799 

llllllllll 

OFFICE  OF  NAVAL  RESEARCH 

CONTRACT  N00014-94- 1-0101 

R&T  Code  31321075 
Technical  Report  No.  9 

PREPARATION  OF  WELL  DEFINED  POLYSTYRENE-BLOCK-POLY 
(METHYLPHENYLSILYLENE)  COPOLYMERS 

by 

Eric  Fossum,  Krzysztof  Matyjaszewski 
Published 

in  the 

ACS  Polym.  Preprints,  in  press 

Carnegie  Mellon  University 
Department  of  Chemistry 
4400  Fifth  Avenue 
Pittsburgh,  PA  15213 

June  30,  1994 

Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of  the  United  States  Government 

This  document  has  been  approved  fo'  public  release  and  sale; 
its  distritwtion  is  unlimited 

94-20035 

liiiliilll  / 


94  6  29  098 


■  ' '  '  >%  lO  '•  r**'  '^v„  .  »*•  !••'<  *C*‘  ^  . 

•  ,:  •'«►  ?  .«!4  nftNj»c  A-'d  <«:*ro'«’«*'*i}  *C“»»r.t<o‘'  ^*•<^d  •'U  •*  0u'd«A  O'  4'»y  OlKr*  ■•\z>e:' 

■>  *.  w-  *'.;  »*n»  «o*  «edw\i(v)  t»»«%  Ow«o«'*«  i-^  •V4»h*n,jtoA  Me44aw4rir««  0«r«lO»4t<  (o*  4«o  4i<po<f\.  t/ 

24  ^>t.i»,jiCA.  VA  «Atf  to i*«« 0<*K<  a*  M«A4^^«neA(  4n4  0ud9rt.  f^etf<iKi«0A Protect  (0^04-01M|.  WA^fMA^toA.  OC  MV)S 


1.  ACCNCV  USE  ONLY  Utsvt  bUnk)  12.  KPOMT  DATE 


].  REPOAT  TYPE  AND  OATES  COVERED 


4.  TITLE  AND  SUBTITLE 

Preparation  of  Well-Defined  Polystyre  -Block-Poly 
(Methylphenylsllylene)  Copolymers 

S.  FUNDING  NUMBERS 

N00014-94-1-0101 

6.  AUTHOR(S) 

Eric  Possum  and  Krzysztof  Matyjaszewskl 

7.  PERFORMING  ORGANIZATION  NAME(S)  ANO  AOORESS(ES) 

Carnegie  Mellon  University 

Department  of  Chemistry 

4400  Fifth  Avenue 

Pittsburgh,  PA  15213 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

N00014-94-1-0101 

9.  SPONSORING /MONITORING  AGENCY  NAME(S)  ANO  AODRESS(ES) 

Department  of  the  Navy 

Office  of  Naval  Research 

800  North  Quincy  Street 

Arlington,  VA  22217-5000 

10.  SPONSORING /MONITORING 

AGENCY  REPORT  NUMBER 

Technical  Report  #9 

11.  SUPPLEMENTARY  NOTES 

ACS  Polym.  Preprints,  in  press 

12a.  DISTRIBUTION /AVAILABILITY  STATEMENT  . 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Mtxim{im200wonl^ 


Combination  of  the  living  anionic  polymerization  of  styrene  with  the  ring  opening  polymerization  of 
cyclotetrasilancs  affords  the  preparation  of  ■well-defined  polystyrene-Wocit-poly(methylphenylsilylene).  Block 
copolymers  with  ratios  of  polystyrene  to  polysilylene,  PS;PMPS  ranging  from  1:4  to  2:1  have  bwn  prepared. 
The  molecular  weight  distributions  are  narrow,  Mw/Mn=  1.3.  Removal  of  any  homo  polystyrene  can  be 
accomplished  by  precipitation  into  acetone  yielding  pure  block  copolymers  with  known  compositions.  The 
materials  have  been  characterized  by  and  29$!  NMR  spectroscopy,  Gel  Permeation  Chromatography,  and 
Differential  Scanning  Calorimetry. 


Init-ZcHj  -  ClUMeSiP^-H 

6"  " 


17.  SECURITY  aASSIFICATION 
OF  REPORT 

lassifled 


NSN  7SB0-01.280.SS00 


II.  SECUfUTY  CUSSIFICATION 
OF  THIS  PAGE 
lassifled 


19.  SECURITY  CUSSIFICATION 
OF  ABSTRACT 
lassifled 


IS.  NUMBER  OF  PAGES 


ie.  PRICE  CODE 


20.  UMITATION  OF  ABSTRACT 

UL 


Staitdard  Fonit  298  (Rev.  2-B9} 

»rcKnM  by  ANP  S(d.  xn-lt 

ni-iu 


Preparatioa  of  WciUDcflncd  Pol;styraie>M«cA- 
PoiyfBclhjrlphcaybilylcnc)  Copolyaicri 

Eocfiiaiia  and  Kizyncf  Maniasaeinki* 

Oqx.  of  Cheauay,  Cvnefie  Melioa  Unhnnity 
4400  Fifth  Avemie,  Pinatogh.  PA  1S213 

Polynlylenes  (polyailanes)  coasui  of  a  linear  chain  of  alkoo  atooa 
with  two  organic  aubatitneiita,  genenliy,  either  alkyl  or  aryl  gtQapa.l<^ 
Theae  polymen  posaen  imeretting  propeniea.  such  aa  aigma  caaenaaon  and 
dieinaxJmimiain,  Theaepnpeniea  lead  to  potential  m^icadona  including 
non-linear  and  phoao-apdcai  maieriaia,  inidaton  for  lao^  polymeriadona, 
and  piecnnon  »  ailioon  carbide. 

However,  the  mechanical  propeniea  of  ptdyailylenes  are  inauffident 
for  many  applicadona.4  Therefore,  it  ia  intereating  to  combine  the 
reechankai  prapertka  of  mher  polymen  widi  the  potyailylenea  by  either 
blending  or  preparing  block  oopolymeta.  Several  grotipa  tiave  reported  the 
aymheaiaofbkickcopolymera^polyatyreneand^yaifylenea  weatetaL 
reported  the  radical  polymeriadon  of  atyrene  initiated  by  photodremical 
leacdon  of  poly(metby^)heaylailylene),  PMPS.^  n«winti«ri*!r4Ti«wip«jiw 
aL  ayntheaized  polyatyicoe-Uack-PMra  by  the  teacdon  of  living  pdyatyryl 
aniona  withchlmendcappedPMPS.^  Sakamoto  et  aL  have  prepared  block 
copolymen  of  polyfmethyi  methacrylate)  and  •(SiMe(n-Bu)SiMe2]a  by 
aubae^ient  addito  of  MMA  to  the  adU  acdve  end  gtoiqM  of  the  potyaitylene 
chaina.4- 

Ring  opening  polymwiatinn  of  cydotetiaailanea  ptovida  a  new  and 
ptoiniaing  route  to  linear  polyail^enea.^A9  It  ia  poaaible  to  combine  RC^ 
with  otfam  ankmic  living  ayatema  to  prepare  new  Mode  copolymen.  The 
syntheais  of  well-defined  polystyiene-block-PMPS  and  polyiaoptene-block- 
PMPS  copolymen  will  be  presented. 

Experimental.  Benrene  was  dried  over  K  and  then  distilled  prior  to  use. 
MeaPhaSU  was  prepared  as  reported  previously  and  recryaadliaed  prior  to 
polymeiU3uions.^<^-^  Sec-BuLi  (Aldrich)  was  used  as  received.  12-ctown- 
4  wu  dried  prior  to  use.  Molecular  wei^tt  and  molecnlar  weight 
di^budons  were  determined  by  gel  permeation  chromatography  (Gl^. 
using  a  Waten  SIO  pump  equipped  wift  a  410  differential  teftactometer  and 
photodiode  array  UV  detector,  using  THF  as  eluent  with  a  flow  rate  of  1.0 
iti-min-*  and  with  three  ULTRASTYRAGEL  columns  (100  A.  500  A.  and 
Linear)  in  series.  The  molecular  weight  calibration  curve  was  obtai^  using 
polystyrene  standards.  NMR  spectra  were  recorded  on  an  IBM  NR-300 
spectrometer.  All  experiments  were  performed  in  a  VAC  Atmospheres  HE- 
30  dry  box  under  a  nitrogen  atmosphere  with  water  and  O2  concentrations 
below  1  ppm.  In  a  typi^  experiment  sec-BuLi  was  add^  to  0.5  od.  of 

benzene  and  stirred  vigorously.  1 10  4L  of  styrene  (freshly  diatilled)  was 
added  via  syringe.  After  complete  conversion  of  the  styrene  to  polymer,  ca. 
20  min.,  a  0.15  mL  sample  was  taken  for  GPC  analysis.  A  solution  of  120 

mg  of  MesPhaSu,  5.0  pL  12-crown-4,  and  0.5  mL  of  benzene  was  added 
via  syringe,  the  color  turned  from  dark  orange  to  a  yeliow/brown  in  color. 
After  a  further  20  min.  the  solution  was  exposed  to  air  to  terminate  the 
polymerization.  Precipitation  into  methanol  yielded  the  crude  ntoduct  which 
cont^ed  some  homo  polystyrene.  Homo  polystyrene  was  removed  by 
precipitation  innj  acetone  to  yield  pure  block  copolymer. 


Scheme  I 


Results  and  Discuasiou. 

Initiation  of  the  ROP  of  cydorenasilaiies  uainf  living  polyatyryl 
anioiis  in  benzene  in  the  presence  ot  12-crown-4  leanlts  ia  the  ratmatian  of 
block  copotymere  (Scheme  I).  The  crossover  leactiaa  to  cyclosilane 
polymerizatioo  U  not  100%  effidem  u  can  be  shown  by  the  presence  of 
unreacted  living  polystyrene  chaus.  The  reactinns  were  foDoived  by  both 
‘H  NMR  and  GPC  analysis. 

The  IH  NMR  spectrum  in  Figure  1  confinna  the  fonnatian  of  block 
copolymers  at  it  contains  peaks  for  both  polystyrene  and 
polyfme^lphenylailyleae).  'Ihianpectrum  was  taken  ana  precipitation  of 
the  reaction  mixinre  inm  aoeione;  FmFS  ia  not  soinble  in  aoemoe,  bm  knrer 
moieculv  weight  polystyrene  is  aolabie.  This  effectively  lenmvea  any  honao 
polystyrene  hnpuntieaimving  only  the  block  cqpolyiiier.  GPC  traces  of  the 
purifi^  block  ct^lymen  are  shoivn  in  Hgun  2.  The  traces  are 
monomodal  indicuiiu  complete  retttoval  of  the  polyatytene  and  have  low 
polydispertities.  M«/i%  *  1.3. 


Figure  2.  GPC  traces  of  I)  homo  polystyreneiSTn»5,3(X).  Ww/KTn«1.15). 

(®«“>2,900,  S!*/M„»1.37).  and  HI)  purified 
PS/PMPS  (f^n=lti.300,  KiwWn=1.31)  acquired  at  254  nm. 
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Evidence  for  the  forautioo  trf  blocks  ruber  than  two  hcmopolymen 
also  comes  fooin  the  GPCtnoei  shown  in  Hgure  2.  The  trace  for  the  crude 
block  product  is  dufied  w  much  hitter  tiwtocular  wetfhia  than  thu  for  the 
original  polystyrene.  At  254  am  unreacted  polystyrene  is  present  evidenced 
by  the  small  lower  molecular  weight  shoulder.  However,  this  lower 
molecular  weight  shoulder  is  absent  u  338  nm.  a  wavelength  unfoue  to 
polysilylenes.  This  indicates  the  formation  of  block  copolymen  and  the 
presence  of  homo  polystyrene. 

The  televw  molecular  weight  data  for  homo  polystyrene,  crude 
reaction  products,  and  purified  block  copolyineri  is  shown  in  Table  1.  As 
the  pmcentage  of  polystyrene  increaserl  it  ><«•«»""  increasingty  difficult  to 
ptet^ttte  the  block  copolymen  into  acetone  because  of  increased  solubility, 
therefore,  it  was  necessary  to  remain  on  the  lower  end  of  styrene 
composidon. 

Table  1.  Molecular  weight  data  for  homo  polystyrene,  purifed  PS-biock- 
PMPS,  and  the  calculated  theoretical  molecnltt  wei^  values. 


[sio/mo 

DP>t/DP*e 

(SwSfc) 

2.400 

(1.16) 

[SUUHo 

DP2,/DP2e 

(m«/Im^ 

13,900 

(134) 

0.907/0.04 

23/23 

0.23/0.015 

15/24 

1.80/0.04 

46^1 

5,300 

(1.13) 

0.23/0.015 

15/23 

16300 

(131) 

3.60/0.04 

92/116 

12,100 

(1.13) 

0.23/0.015 

15/30 

26300 

(134) 

7.20/0.04 

184/245 

25,500 

(1.18) 

0.23/0.015 

15/28 

38,900 

(1.37) 

The  molecular  weights  of  the  polysUylene  blocks  do  not  correlate 
well  with  [M]a/[Ila  >od  are  nearly  twice  as  hi^  as  the  expected  values.  The 
higher  values  for  the  polysilylene  block  can  be  explained  by  an  inefficient 
cross-over  reacdon  and  also  the  presence  of  a  small  amount  of  impurity  in 
the  i^locetrasilane  solution  whi^  may  tentunate  tome  polystyrene  chaint 
leadi^  to  actual  concennadoos  of  inidator  lower  than  the  calculated  values. 
Also,  the  molecular  weights  determined  for  the  blocks  are  based  on 
polystyrene  standards  and  may  not  give  absolute  values  for  the  polysitylene 
block.  Regardless,  the  molecular  weight  disnibudons  are  relatively  low  for 
block  copolymen  of  this  type,  which  indicates  that  transfer  reactions  are  not 
likely.  Thermal  transitions,  such  as  glass  transidon  tetnpcffanires  for  the 
styrene  blocks,  ate  consistent  with  known  values.  The  possibility  of  phase 
separadon  in  these  systems  is  cunendy  under  study. 
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It  is  also  interesdng  to  prepare  block  copolymers  of  polysilylenes 
with  elastomeric  polymen,  such  as  po^soprene.  The  living  anionic 
polytnetizadon  of  isoptene  in  benzene  initiated  by  sec-BuLi  allows  for  the 
synthesis  of  polyisoprene-block-PMPS  starting  fim  the  polymeiizadon  of 
isoptene  (ScheiK  ID-  The  appearance  of  a  dark  yellow  to  brown  color  after 
addition  of  the  cyclotetrasilane  indicated  the  switch-over  to  cyclosilane 
polymerization  and  the  presence  of  silyl  anions.  The  reaction  was  followed 
byboth  >HNMRandGPC. 

The  *H  NMR  spectrum  of  the  copolymer  precipitated  from  pentane  is 
shown  in  Figure  3.  Peaks  for  both  poKisopiene  and  polysilylene  are  present 
indicating  formation  of  the  desired  produo. 


Figure!  300  MHz  «H  NMR  spectrum  of  the  copolyirwtrfpolyisoprene 

and  PMPS  precipitated  fiom  penone  to  remove  homo  poiyiaopteoe. 

The  GPC  trace  of  the  crude  block  copolymer  is  shified  to  higher 
molecular  weights  than  the  parent  polyisoprene.  but  the  large,  lower 
molecular  weight  shoulder  iiwcates  inefficient  initiation  of  the  second 
monomer.  The  homo  polyisoprene  can  be  removed  by  precipitation  into 
hexane  yielding  only  the  block  copolymer  as  the  predph^  This  material 
could  have  a  higher  potential  for  mioophase  separation  than  the  PS/PMPS 
blocks  due  to  the  greater  differences  in  chemical  nature  of  the  individual 
components.  Studim  involving  the  effects  of  composition  in  this  system  are 
currently  being  canied  out 

Conclusions. 

Block  copolymers  of  polystyrene  and  poly(metbylphenylsilylene), 
PS/PMPS,  and  polyisoprene  and  PMPS,  PI/PMPS  have  been  prepared  by 
the  subs^uent  addition  of  cyclotetrasilane  monomer  to  the  living  anionic 
polymerizations  of  the  respective  inonomeis.  Evidence  for  the  fonnation  of 
block  copolymers  as  opposed  to  mixtures  of  homopolymers  resulting  ffom 
transfer  reactions  comes  from  GPC  analysis  and  alk>  solubility  differences 
of  the  two  homopoivmers.  The  efficiencies  of  initiatitm  of  the  second 
monomer  ate  relatively  high  allowuig  for  the  synthesis  of  block  copolymers 
in  reasonably  good  yiel&.  The  phase  behavior  for  the  copolymers  is 
cunently  uaier  snidy. 
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